Nowadays, the evaluation of the accessibility of Enterprise Web Information Systems is based on the Web Content Accessibility Guidelines (WCAG 2.0), created by the World Wide Web Consortium (W3C) in 2008 and adopted in 2012 by the International Organization of Standardization (ISO) as ISO/IEC 40500 standard. Web accessibility evaluation tools are software programs or online services that help developers determine if web content meets the accessibility guidelines. This paper shows the extension of an existing online tool, with the aim of exposing its functionality also as an Application Program Interface (API). The original tool is used through a Web user interface, and this extension exposes functionality through web services based on REST technology, so that developers can invoke them from their own applications for accessibility testing.
INTRODUCTION
Web accessibility is the feature of a web application or web page that determines how it can be used by people with the widest possible range of capabilities.
The more accessible a website is, the greater the variety of users who can use it, including those who present some kind of disability. This would apply, for example, to users with visual disabilities, such as blindness, low vision or problems with color perception. An accessible Web application would be one that met requirements to ensure an adequate level of contrast, or that there are always text alternatives to visual information that can be reproduced by assistive technologies (AT), such as screen readers, used by blind or partially sighted users.
To create accessible websites must apply the paradigm of design for all, a concept that refers to design websites in a universal way, so nobody is excluded from use (Roig-Vila et al., 2014) .
In 2008, the World Wide Web Consortium (W3C) published the Web Content Accessibility Guidelines (WCAG 2.0), adopted in 2012 by the International Organization for Standardization (ISO), as standard ISO/IEC 40500 (ISO, 2012) . This standard establishes the requirements to be met by a Web application to be accessible (W3C, 2008) .
WCAG is important, not only for being converted into standard ISO, but also because many countries have created laws based on this standard, that establish that Enterprise Web Information Systems of strategic companies (such as Banks, energy firms, etc.), and public services offered through the Web must be accessible (W3C, 2006) . WCAG 2.0 defines 61 accessibility success criteria (requirements) to be satisfied by web applications. The success criteria are grouped into 12 guidelines and 4 principles ( Table 1 ). In addition, three levels of conformance are established (A, AA and AAA) for websites, depending on the success criteria met. To get level A, 25 criteria have to be met. To get level AA, besides the aforementioned, 13 more criteria have to be met. Level AAA is got when all 61 criteria are met.
In order to provide guidance for web developers and evaluators on meeting WCAG 2.0, the W3C has published a series of documents to support this standard. One of the most important includes guidance in form of a list of useful techniques to satisfy success criteria, and a repertory of common failures and how to avoid them. For each technique and failure, a repertory of code examples, resources, and tests are offered (W3C, 2015) .
Timbi-Sisalima, C., Hilera, J., Otón, S. and Ingavelez, P. Developing a RESTful API for a Web Accessibility Evaluation Tool. There are available many web accessibility evaluation tools in form of software programs or online services that help determine if a Web site is accessible (W3C, 2014). These tools can significantly reduce the time and effort required to carry out evaluations, and can assist developers in preventing accessibility barriers, repairing encountered barriers, and improving the overall quality of Web sites. But not all success criteria can be automatically evaluated, many of them need to be evaluated manually. So, Web accessibility evaluation tools can be useful to determine the conformance of Web sites to accessibility checks which can be executed automatically, and assist reviewers in performing accessibility checks which need to be evaluated manually.
In the following section of this paper, an online evaluation tool developed at the Salesian Polytechnic University of Ecuador (UPS) is presented. In section 3, an extension of this tool to expose their functionality through an Application Program Interface (API) based on Web services is described. Finally, in section 4 some conclusions about the work carried out are discussed. Although not yet been included in the list maintained by the W3C, the UPS has developed an evaluation tool called OWA that is now available in http://observatorioweb.ups.edu.ec. It is a supplement to a project entitled Web Accessibility Observatory Ecuador, working in coordination with the National Council for Equal Ecuador Disabilities (CONADIS).
WEB ACCESSIBILITY EVALUATION TOOL
It is a tool that combines server technologies Java JEE and JavaScript. Figure 1 shows the two main modules of the software installed in the web server. The Front-End JEE module corresponds to the Web application of the user interaction, in which requests for analysis will be conducted and the visual results of the evaluation are presented. This component accesses to the entity relationship model of WCAG 2.0 principles, guidelines, success criteria and techniques and the database with the results of the evaluations performed. The user interface is accessible and responsive. Figure 2 shows the page with the results of an evaluation that are offered in a textual way, but also as a diagram with the percentage of compliance of each WCAG 2.0 principle. This is a novelty compared to other existing tools on the market. The Back-End PhantomJS module is responsible for runtime analysing the success or failure of each of the implemented techniques (57 techniques implemented to date). For that it uses PhantomJS, a headless WebKit scriptable with a JavaScript API (Friesel, 2014) . It has fast and native support for DOM handling, JSON generation, and includes the use of jQuery. The advantage of using this framework is that it renders the web page generating a DOM representation as the one handle by a web browser. Accessibility evaluation is performed on DOM and not on the HTML source code of the page, which is necessary when a page includes JavaScript code that is executed dynamically and affects the structure of the page. There are other tools on the market that carry out the evaluation on the HTML and do not perform the evaluation of dynamic web pages correctly. Figure 3 shows code to check if the <input> elements of the web page under evaluation meet the technique "H44: Using label elements to associate text labels with form controls", associated with the fulfillment of WCAG 2.0 success criteria 1.1.1, 1.3.1, 3.3.2 and 4.1.2 of WCAG 2.0, the disclosure of which is shown in Table 2 . As it can be seen in the code in figure 3 , to assess the technical, all <input> elements of the page are processed, and it checks if they are associated with a <label>. All using the rendered version of the page as "this" object.
With a similar analysis per technique according to the specification and supported in other programming instructions along with PhantomJS, the following data is returned in JSON format for easy processing by the front-end module.
Code, identifier of the technique, e.g. H44. Classification, to identify the type of result obtained after analysis, may be:
• Observation, analysis resulting informational message about the evaluated content. Example: The site has not been structured using headings (titles), has not detected any title. In some cases the HTML objects having the error, such as images that do not present an ALT attribute will be included.
Recommendation Message, to reference or guide to compliance with the technique. Example: To facilitate navigation and understanding of overall document structure should be structured using headings properly nested (e.g., h1 followed by h2, h2 followed by h2 or h3, h3 followed by h3 or h4, etc.).
In order to develop the system's structure, we have used the Java Enterprise Edition architecture. Furthermore, the system was deployed through a physical topology of the four layers described in Figure 4 . Firewall: is in charge of controlling the different connections coming from Internet to demilitarized zone that contains the public access server. The current implementation of the firewall is based on the network layer and has the support of a system to detect and prevent intruders. This detection system analyzes several patterns on the network layer or even in the application layer.
Web Server and Load Balancer: this component has been configured as a web server that uses data compression, and additionally, it is responsible to translate the client requests to the application (JEE) servers. The work distribution is done according to the availability of each JEE application's server, analyzing for that, the activities that must be carried out at a specific moment. JEE Application Servers: this layer contains the required stack of technologies (in the web profile) to generate the output of the system's front end. Each of these servers contains a techniques analyzer that is based on PhantomJS and JQuery. In the same way, if the number of requests to use the application increases, it is possible to increase the number of applications server instances. On this basis, the system is able to manage hardware errors and guarantee the service continuity.
WEB SERVICES API
The scaling of applications, and in this case of accessibility evaluation tools, can be done through integration with other online evaluation tools. One of the most appropriate technology for this are web services. A Web service is a software system designed to support interoperable machine-tomachine interaction over a network. There are mainly two ways of implementing Web services: SOAP and REST. In this case, we have used REST technology to develop a Web service API for the evaluation tool (Pautasso et al., 2008) .
A Web service API that adhere to the REST architectural constraints is called RESTful API (Mehta, 2014) , and is defined including these aspects:
Base URL, such as http://observatorioweb.ups. edu.ec/oaw/srv/wcag An Internet media type for the data. This is often JSON but can be any other valid Internet media type (e.g., XML) Standard HTTP methods (e.g., GET, PUT, POST, or DELETE) There is a low number of online web accessibility evaluation tools that expose their functionality through web services using RESTful Web API technology. Some of them: AChecker (http://achecker.ca/do cumentation/web_service_api.php), Tenon (http://w ww.tenon.io/documentation/), WAVE (http://wave. webaim.org/api/).
The problem is that every tool is adding a web API makes creating their own services, and input and output parameters, being different in all cases. Another problem is the format of the result. AChecker, OWA y Tenon allow optionally specify the format as an input parameter (HTML, XML, JSON), while Tenon always returns the information in JSON format.
To potentiate the presented tool, and can be used from other potential applications, its functionality is exposed through web services that return the result of the evaluation in JSON and XML formats. It has created a RESTful API consists of four web services shown in the Table 3. To this it was added on the logical architecture of the application a component corresponding to the interface for external service provision, which was implemented with the support of the API JAX-RS (Java API for RESTful Web Services), making up the layer for providing external services and complementing the logical distribution of the system and the prepared stack of Java technologies (see Figure 5 ). Additionally, a data structure which supports a clear and simple presentation of the results of the evaluation was created (see Figure 6 ). Each service can be called via a HTTP GET request, attaching the required input parameters. The following sections present the details for this. In order to simplify URL expression, in that sections we use a variable named URL_BASE, whose real value is http://observatorioweb.ups.edu.ec/oaw/srv /wcag/.
Web Services: "Techniques"
These services allows to an external application, consult only the techniques evaluated, and its verification (success or failure). Two versions have been created, depending on the format for the results: JSON or XML.
In the case of this service, the HTTP GET request URL are: URL_BASE/json/techniques?<parameters> URL_BASE/xml/techniques?<parameters>
The input parameters in both cases are the ones described in Table 4 . The result obtained when these services are executed, is a JSON or XML data structure with the main elements represented in Table 5 . Every field of the result dataset has the meaning indicated in Table 6 . The result obtained is shown in Figure 7 . 
Web Services: "Compliance"
These services allow to an external application, consults the detailed evaluation of accessibility of a website, depending on the success or failure of the verification techniques associated to WCAG 2.0 and grouped according to the set of principles, guidelines and Success Criteria defined in WCAG 2.0. Two versions have been created, depending on the format for the results: JSON or XML.
In the case of these services, the HTTP GET request URL are:
URL_BASE/json/compliance?<parameters> URL_BASE/xml/compliance?<parameters>
The input parameters in both cases are the ones described in Table 7 . The result obtained when these services are executed, is a JSON or XML data structure with the main element represented in Table 8 . Every field of the result dataset has the meaning indicated in Table 9 . An example of use of a "Complaint" service to evaluate the level AAA of compliance of a web page could be as follows:
URL_BASE/json/compliance? url=http://www.uah.es&key=a899ef4d-714f-440b-a8c2-bc1cj6a42926
CONCLUSIONS
Web Services enable integration between applications regardless of language or platform used in each. Thus, providing the possibility of developing new tools or more complete systems, adding more than one potential application or system.
If there were other Web services associated to other accessibility evaluation tools, that allowed to verify compliance of other techniques over four techniques and common failures defined by the W3C regarding compliance WCAG 2.0, it would be easy to add these techniques to the 59 checked by the developed tool, and this tool would have greater compliance rate with respect to the technical verification.
Subjectively this could translate into a greater degree of confidence the outcome of the evaluation; but always check and interpretation of the results by an expert is required.
As future work is to increase the number of techniques currently verified by the developed system. In addition, it is working on the expansion of the RESTful API, with new services that provide extra functionality useful in different aspects of web accessibility evaluation.
